First measurements with a prototype liquid ionization chamber are described to be applied as an online-monitor for intensity modulated radiotherapy. The detector consists of 480 individual electronic channels which allow parallel read-out of radiation induced currents at frequencies exceeding 10 Hz. Dose gradients in the direction of leaf movement of a multileaf collimator have been measured and a reconstruction method for individual leaf positions has been developed. The achieved reconstruction accuracy will be described.
Introduction
Modern conformational and intensity modulated radiotherapy (IMRT) with photons and high gradient fields require an increased effort in dosimetry to guarantee safety and reproducibility of the treatment. In most cases, the radiation field is shaped by means of a multileaf collimator (MLC) to adapt the delivered dose to the shape of the tumor while sparing the healthy tissue. The aim of our research is to develop a detector to monitor the radiation during the treatment at the exit of the MLC before it is applied to the patient. The chamber design is adapted to be used gantry mounted together with a miniature MLC a and a linear accelerator b at the DKFZ. To verify the correct shape of the beam, the detector has to monitor the leaf positions of the MLC and therefore the corresponding dose distribution. As the chamber is placed in the radiation field, it has to be thin to absorb a minimum of radiation. On the other hand, one has to sample a certain amount of the radiation to get a reasonable noise-free picture. Air-or gasfilled chambers would need quite a large extension in direction of the beam to meet this condition. Thus, we have chosen to develop a liquid-filled ionization chamber which allows, due to the higher density of the liquid, a thin design of the detector while still delivering high current signals for typical clinical dose rates of several Gy min −1 . In order to monitor dynamic leaf positions with a leaf speed of approximately 2 cm s −1 in the case of dynamic IMRT, the repetition rate of the read-out has to be in the order of several 10 Hz. Consequently, the charge yield and the charge carrier mobility of the irradiated liquid have to be quite high to achieve sufficiently high signals in the read-out interval. The liquid used in our test chamber, tetramethylpentane (TMP), meets the above-mentioned conditions 1 . It is purified to a few ppb of oxygen equivalent using a vacuum distillation facility on site 2 . The liquid commonly used in ionization chambers for medical applications is isooctane. For purified TMP the current signal can be increased by a factor of 4 with respect of isooctane, analysis grade 3 .
Material and Methods
The chamber consists of three printed circuit boards which are kept at constant distance by two stainless steel rings, see Fig. 1 . The distance between the electrodes and therefore the thickness of the rings has been chosen to be 5 mm in order to maximize the signal to noise ratio. The chamber is filled with the ionization liquid via two stainless steel pipes with valves at their ends welded in the lateral surface of the stainless steel rings. The boards are a multilayer construction made of a special glass reinforced ceramic laminate which has turned out as inert regarding the ionization liquid. The outer boards serve as beam entry-and exit-window and high voltage cathode likewise. For this purpose, they exhibit a circular copper cladding with a diameter of 136 mm on their inside which has been chemically gold-plated. The anode-board in the middle is realized as a five-layer construction with 24×20 interconnected square conductive pixels on each side. The pixel rows are aligned with the collimator leaves and the pixel size of 3.3×3.3 mm 2 with a spacing of 0.2 mm is adapted to the leaf width of 1.75 mm. The actual detector design allows the control of two adjacent leaf pairs by one row of pixels. The pixels are surrounded by a guard electrode the same size as the high voltage electrode to form an adequate homogeneous electric field at the edges. Both the pixels and the field shaping electrode are on virtual ground potential. The collected charge of each pixel is traced to eight SCSI connectors at the outside of the chamber using a circuit track system in the middle layer of the anode board. The data acquisition has been described elsewhere 3 .
Results
In the following we present test measurements to determine the detector characteristics at a photon energy of 6 MeV.
Signal response
The detector response has been measured for different dose rates at a fixed electric field strength of 2 kV cm −1 . The dose rate has been varied between 1.1 and 4.4 Gy min −1 by changing the distance between the detector and the radiation source. The measurements have been performed in a waterequivalent plastic phantom to incorporate the dose buildup. The corresponding dose rate has been measured with a diamond detector mounted below the exit window of the detector. In Figure 2 (left) the dose-rate dependence of the ionization current is plotted. A deviation from strict proportionality of the ionization current due to space charge effects in the liquid is noticeable. Due to the recombination of charge, the relationship between the measured current I and the dose rateḊ is a power-law of the form I = N ·Ḋ ∆ 4 with a constant of proportionality N. This non-linear behaviour affects the imaging properties of the detector because for small currents the corresponding dose-rate is overestimated, but the effect can be corrected using the inverse function.
Reconstruction of leaf positions
Knowing the relationship between the measured ionization current and the dose rate, the signal of each pixel can be converted to the corresponding dose rate value. The measured beam profiles are normalized to the open field values and the dose rate distribution caused by leakage of the collimator, i.e. the dose rate measured when all collimator leaves are closed, is subtracted as a general offset. The positions of the collimator leaves in the isocentric plane are determined from the relative dose values caused by partial irradiation of the pixel. With the assumption of a gaussian detector kernel, the beam profiles can be fitted using a general function of the form
where D is the relative dose value, erf(x) the error-function, L the field width and σ m the shape parameter of the profile. This function is applied to each row of pixels of the detector matrix to obtain the field width and therefore the positions of the corresponding leaves. 6 which show a mean deviation of 0.3 mm between the nominal and the radiation field edge towards a slightly increased field size for this type of MLC.
